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7 July 1358

MEMORANDUM FCOR: DC/TES/ASD

SUBJXCT: Relisbility of Rquipment

————— o —— -

1. These remarks are further to our talk of 1 July about the reliadility
of the aquipment which is being obtained by ASD for field use. 1 kave been
ever all of the pertinest material in may files and it Is summarized belew,

2. 'wns of cur consultants and a well known 25X1
{n the {ield, recommends that life tests of represantative mnyln‘:m:“'
manufacture sheuid begin as sosn as areduction starts and should continue
threughout manufacture. As an example, he has said that if one were te
manufacture 100 devices at the rate of ten por month, spe device per month
shoald be life-tested. On ansther cccasion he s2id that in srdar to secure
99% reiiability in a preduct i2 weuld be desirable te have a pllot run of at
least 109 examples. but where this is not practicable ens ceald settle for a
run of 10 o7 12 examples and test them all. Me alse recommendsd that as
much of the testing as possible should be put en the mannfacturer. This will

preduce in the manufasturer an awareness of the stiavable aspects
product which can be attained in ne other way. e of s

3. I enclose for your information and it f
19 Sctober 19568, reparting & visit of mine to 2oX1,
which was devoted entirely to discussiens of means for securing reliabiiity
of components and squipment. The basic philesephy is equally applicable te
both comporerts and equipment; and especially significant remarks with
respect to equisment will be found on pages ¢, 5, and 6.
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MEMORANDUM FOR: CH'EF, DD/P/TSS

SURJECT . Electron.c Equipment, Reitability of -
Resalts of laterv.ews 25X

| 25X1

1, During the week of 8 Octobe~ 1956, 1 had interviews with
various specialists at about the relia- _ 25X1
bility of eletror ¢ equipment, that s, equipme=t ~o~*ajning vacuum
tubes or trar=is‘ors or be't, kr writ.ng up the results of these inter-
views | shall adopt tte same plan as [ did {or the 1nterviews, namely,
to discuss the vericus circut compenents and then to draw conclusions
as to the equipment in general,

2. Electroric equpment consists of some cr all of the following
electrical components:

Wiring
Vacuum Tubes
Transistiors
Resistors
Capacitors
Inductors
Transformers

1 was furnished with a rough general -ule about the relative numbers of
these compoae-ts, This rule 18

Numter of res:stors = 10 x number of vacuum tubes
Number of capacitors : 8 x number of vacuum tubes
Number of inducters = 5 x number of vacuum tubes
Number of transformers = 4 x number of -acuum tubes

For the purpose of *hir table vacuum tubes and transistors may be con-

sidered as inter hangeable, Electtonie equiptnent may also contain
varistors, thermistore and otker special circuit elements.
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3. Wiring: Printed wiring should be used whenever possible,
sirice it ellmlnates the poseibility of errors which continually tend to
creep in whep ordinary wiring is used., It has one drawback, namsly,
that the soldering of leads to the printed wiring -alls for special care
in order to avoid the formation of points of weakness, .

4, Vacuum Tubes: Tbe vacuum tubes should be chosen carefully
for the jobs they have to do, and any attempt to make a tube do too many
jobs is especially to be avoided. It is very difficult to secure reliability
of racuum tubes by any kind of acceptavce test, batch cr otherwise, and
t he best opinion is that one should choose the best manufacturer possible
and then rely oa his experience after making sure he realizes that the
utmost reliability 18 wanted,

The major part of available information on the life of vacuum
tubes comes {rom "“Airinc" (Aeronautical Radlo, Inc,). This firm does
life testing for the Armed Services aad some tube manufacturers and is
stated to be spendicg $14,000,000 a year, Accoxding to Airinc most
tube fatlures are mec2anical in sature, such as breaks in welds and
embrittlement of tu~gstenr, Welds are streased severely by repeated
cycles of heating arn cooling, and tubes have been perfectly satisfactory
for steady duty but heve {alied very quckly on duty cycles, Tungsten is
brittle when coo! and nveaks when worked by hand, but when the working
is done under an infrared lamp it withstands a great amount of punish-

ment, Tungsten alsc is apt to become embrittled just through repeated
heating,

The importanre of being sure that tubes work witkin their
proper limitations car hardly be overstressed, becausc many cases
of tube failure are due to a viclation of this condition. Large imcresses
in life are obtained b; running vacuum tubes somewhat below their
rated conditions,

Long exper.erve has shown the value of giving vacuum tubes
a preliminary *un, say, of at least 500 hours, and then selecting tubes
from measuremen:s made after thie service, The tubes for the _
transatlaatiz relephone table were run for "thousands of bours" before
selection,

Perscns who have had most experience in this directiom
advise the rejectior of tubes on tke tails of the distribution curve as
being not the same sort of tulre as those whose values cluster around
the mode, There i1s some opirion tha' the inclusion of vibratiom in this
preliminary service 1» effective in eliminsting weak tubes.
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5. Transis‘crs: Trarsistors now have a high degree of relia-
bility. In fact, 1 kad the opinion frem Mr. James H. Bridges, of
the Office of the Assisisnt Secretary of Defense (Applications
Engineering), tha* ttey are more reliable than vacuum tubes, This is
the case for vacuum tabes under military conditiozes, hut it i{s not
yet certain thatl the best tranristors last longer than the best vacuum
tubes,

The order of reliability that has been reached can be judged
from the statement that point-contact transistors have a record of
one million unit-hours per failure, that 1s 1,000 tzansistors can run
for 1,000 hours before a single fajlure occurs, This is the same order
of Jife as for high quality vacuum tubes in service in the Bell system.
Grown alloyed transistors have a record of from 150, 000 to 200, 000
unit-hours per fallure, :

In trensistorse, as in vacuum tubes, a preliminary run of at
Jeast 500 hours, followed by screening, adds to the reliability of the
product.

In ordering transistors from a manufacturer it should be
specified very carefully that they should have the highest degree of
reliability, The name of the General Electric Company was given to
me as ap outstanding commercial supplies of such transistors,

An additional advantage of using transistors is that the small
amount of power involved in their use puts the other components practically
under shelf life conditions.

6. Resistors: Resistors are of two kinds - composition and
wire -wéund, '

- Compoaition resistors of putstanding quality are mide by
the Allen-Bradley Company and the International Resistance Corpora-
tion. They are extraordinarily good from the standpoint of catastrophic
failure and have a record of practically no opens or shorts if properly-
used, However, they drift in value in either direction up to 20% or
25% from their rated values. In general the drift is of the same order

of magnitude as the original accuracy stated in the specification of the
resistors. ‘

' Wire-wound resistors are more liable to catastrophic

failure, probably on account of electrolysis. The wire invelved is
fine, sometimes as small as # 51 (. 00088 inch), and a small spot of
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7. Capsci'‘ors: Capsc:‘crs,criginally called condensers, are of
two kinds - nen-electrolytic ard electrelytic, In son-electrolytic
capacitors the dielectric ts soretimes mica but gererally paper,
although research and development on other diglecivirs js very active,
Electrolytic condensers with a liqud electrolyte are generally -
alumipurn, but the present preference is {or tantalum, The latest and
most promising type of electrolytic conderser is a tantalum comdenser
with 2 dry electrolyte consisting of manganese dioxide,

All of the specialists with whom [ talked named Sprague
Electric Co,, of North Adams, Mass., as the best maker of capatitors,

8. Paper Condensexrs: Paper condensers have bean under develop-
‘ment for many years and now can be made with a high degree of
reliability, namely, less.than one failure in 100, 000 during the comdenser
life, When extreme reliability is required, the precautioms takem have
sometimes been such that every other condenser in a production run was
tested to destruction in order to ascertain the quality of the run, Ia
making paper condensers for the transatiantic telephone cahble three times
as many of the highest quality paper condensers were made as were to
be used, These were put on six months life test and weic thll measered
and the best one-third selected,

9. Aluminum Condensers: Extensive experience on alurmisxm con-
densers has been accumulated since 1928, and it is possible to make
such condensers with a life of as much as 15 years. In order to get
this life the design has to be good and the manufacture has to be wall
controlled, Here again it is highly important to specify to the manufacturer
that the utmost in reliability is desired, One consultant was strong for
100% screening tests, that is, to run the condensers for 500 hours upder
voltage and then to reject the tails of the distribution curve., The
manufacture should be such that the rejects are few becausés a large
number of rejects means poor coatrol, It is important tp hifve the
temperature of use as low as possible, because the lifs of the capacitor
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halves for each 10° C, rise in temperature,

10. Tantalum Electrclytic Condensers: Condepsers of tantalun
filled with liquid electrolyte have been known for some timse, but it is
only for the last five or six years that exteasive maxufacturing informa-
tion on them has been accumulated, It is now felt that the product with
the longest life and greatest reliability in these condensers is the con-
denser with the solid elcctrolyté mentiossd above, ‘Thesd comdensers
bave now been on life test for 10,000 hours and & goﬂd degres of
reliability has been elublilhtd.

11, Transformers and Inducters: Ths chief defect limiting the
life of these circuit elements is wire corrosion., When it is realized
that many of these items ave made with # 51 wire having & diameter
of , 00088 inch it is realized that a very small amownt ¢f Shrrosion
can sever the wire,

- 12, General Couclusions: From all my talks the folldwing
principles emerged:

a) The electrical design should use ail gircuit slements
within their ratings, and preferably under their ratings. Ths
equipment should still work for the maximum drift in the
properties of all of the compobents,

®) The design should be mechanically sound - chmpoaents
should not depend upon their leads for support and leads
should not be bent or soldered near the point of entry,

c) Adequate arramgemexnts should be mads f@r the
dissipation of heat.

d) Components should be procured from manufpttyrars
having the longest experience with the item in question and
the highest degree of probity.

s) A reliability requiremeat should be put int the specifica-
tions far components but the mannfacturer should nat be tied
down to aay particulars that can be avoided. '

, f) iInsist on adequate lifs tests amd, since there is ne
real accelerated life test, these tasts sheuld ba N'u as seon
as possible under the conditions of use,

g) The mamfacture should be well comtrplled, that is,

£~ \;N'P\ v!} n‘"
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the desired quality should be secured with as small a number X

of reject- as possible,

h) For the highest reliability, screen the prod:nct l.ftcr
a simulated service run,

25X1

T8S/Technical Advisory Group
TS8S/TAG:wsg/ jlp (26 October 1956)

Distribution:
Addresses - Orig. & 1 . _
AC/TSS/R&D - 1 '
- CITSS/APD - 1
Cc -1 25X1
TSS/TAG - 2 ‘
TS8/SRB - 1
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